LEAN MANUFACTURING APPROACH IN AIRCRAFT MAINTENANCE
REPAIR AND OVERHAUL

Gabriela NANOVA*, Lubomir DIMITROV %, Todor NESHKOV?,
Charis APOSTOLOPOULOS?, Panayiotis Th. SAVWVOPOULOS
! Technical University of Sofia, Bulgaria
2University of Patras, Greece

Abstract. This paper aims to give an overview of the LEANdiaach and more specifically its application in an
Aircraft Maintenance, Repair and Overhaul businddsere are some examples provided to make therpichore
understandable in the field of the diagnosis ofaterprise which is going to be a subject to LEAMiatives. The
purpose is not to give a full list of the LEAN tsaind practices that may be used in a productigineemment but more
to give an overview and to provide examples forrtbeessity of adjustments to the standard pracfidgs is valid not
only for a MRO (Maintenance Repair and Overhaul) fon each and every area in which LEAN is usede Timain
specifics of the Maintenance, Repair and Overhaatl toncerns LEAN implementation are that it isjgcbbased and
is dependent on the defects of the aircraft whsamaintained. These are the greatest challenges edwiding to apply
LEAN principles on such an environment but also rhayonsidered as advantages. These specificddprthe LEAN
practitioner with a lot of flexibility and the apgpach may be completely customized in order to st@eneeds of the
specific situation.
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1. Introduction with the potential to be optimized but also because
This paper aims to give an overview of thelarge differences in  productivity = among
application of the LEAN Manufacturing approach organizations suggest that some are far lesseftici
in aircraft maintenance, repair and overhaul. Thehan others [1].
problem is that LEAN Manufacturing approach is This was originally stated for IT sector but is
originally developed for a production environmentfully valid for Aircraft Maintenance, Repair and
with pre-defined jobs steps that are continuouslyOverhaul.
repeating throughout the manufacturing cycle. On  Recently, lean techniques have moved from
the other hand the aircraft maintenance, repair anthanufacturing plants to operations of all kinds,
overhaul business is based on projects and ig/realeverywhere: insurance companies, hospitals,
dependent on the specific aircraft condition. Thisgovernment  agencies, airline  maintenance
means that the major portion of the job is defect-organizations, high-tech product-development units,
based and can not be predicted in advance. Havingjl production facilities, IT operations, retail ying
in mind all those specifics a lot of adjustments ha groups, and publishing companies, to name just a
to be made on the LEAN tools and principles infew. In each case the goal is to improve the
order to apply them in the aircraft MRO sector. organization’s performance on the operating metrics
These adjustments may be applied not only ithat make a competitive difference, by drawing
the aircraft maintenance but in any otheremployees into the hunt to eliminate unneeded
maintenance. The field of application may beactivities and other forms of operational waste [2]
extended to any other sphere not only in industry
but in life. This is generally valid for the LEAN 2. LEAN Basics

philosophy — after some adjustments and2.1. Definitions
customization it may be beneficial for each and Lean Manufacturing, lean enterprise, or lean
every area. production, often simply, "Lean," is a production

Although lean principles were originally practice that considers the expenditure of ressurce
developed for manufacturing environments, they ardor any goal other than the creation of value f@ t
increasingly (and successfully) being applied toend customer to be wasteful, and thus a target for
service businesses, especially those with manwglimination. Working from the perspective of the
routine processes. Application development anctustomer who consumes a product or service,
maintenance is a prime candidate for lean methods/alue” is defined as any action or process that a
not only because it involves a great many processesustomer would be willing to pay for [3].
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A lean organization understands customer The core idea is to maximize customer value
value and focuses its key processes to continuoushyhile minimizing waste. Simply, lean means
increase it. The ultimate goal is to provide perfec creating more value for customers with fewer
value to the customer through a perfect valueesources.
creation process that has zero waste [4]. Taking small but sustainable steps is also

The definition of lean is multifaceted. It important for the general success of LEAN. On the
generally relates to those best processes argicture below a graphical representation of the
practices, which optimize resources and yield thd_.EAN transformation may be seen.
best products in the fastest manner and at thestowe
cost. It is an umbrella for total quality manageinen
continuous improvement, zero defects, and all the [m TEAHSIHHMMIHH

other terms we've used and heard to describe doing M
things right the first time, and doing it right eye
time. It is not an instant transition nor is it an '““
extension of traditional thinking or techniques. In g
fact, it is a revolutionary thought process that o e =
requires abandonment of some old paradigms. To =
think lean is to switch from internally focused ﬂ
thinking to externally focused thinking [5].
The secret of successful LEAN implementation Figure 1. LEAN Transformation [8]

is the adjustments to the specific customer’'s

requirements. Let's consider a high-mix, low-2.2. Five LEAN principles [10]

volume manufacturer attempting to implement leans Specify value from the perspective of the
Let's suppose they make highly complex electro- customer - Specify what does and what does not
mechanical assemblies with demand for about one create value from the customer’s perspective and
unit every other day across all varieties. Theyhnig not from perspectives of individual firms,
read some books on lean manufacturing and attempt functions and departments.

to implement the tools and principles in their ¢ Identify the value stream - Identify all the steps
organization. They might try to create one-piece necessary to design, order and produce the
flow cells and falsely conclude that they work only  product across the whole value stream to
for low-mix, high volume situations. This is highlight non value adding waste.

because they might have read that they need to Make the value creating steps flow - Make those
calculate takt time, design the cell such thatspart actions that create value flow without
are delivered to the cell every 30 to 60 minutes, interruption, detours, backflows, waiting or
finished goods are removed from the cell every 30 scrap.

to 60 minutes, etc. These "requirements"” of lean are Produce on a pull principle - Only make what is
not really requirements but are specific appligatio pulled by the customer

of the concept of "one-piece flow" for a high- « Eliminate defects - Strive for perfection by

volume producer. These "requirements" will not Continuous|y removing successive |ayers of
work for a low-volume producer as presented. For \yaste as they are uncovered.

example, if they need to produce one finished unit
per day, they won't need to deliver parts to the ce 2 3. Seven types of waste

every 30 to 60 minutes. In fact, they might conside  \Waste elimination is one of the most effective
kitting parts (or at least those parts that are nofvays to increase the profitability of any business.
common to each product) and delivering those parts  processes either add value or waste to the
to the cell daily based on customer requirementgroduction of a good or service. To eliminate waste
[6]. it is important to understand exactly what waste is
Lean thinking, according to Womack and and where it exists. While products significantly
Jones, is the antidote to waste. "It provides atway differ between factories, the typical wastes foimd
specify value, line up value-creating actions ia th manufacturing environments are quite similar. For
best sequence, conduct these activities withougach waste, there is a strategy to reduce or gimin

interruption whenever someone requests them, anﬂs effect on a company, thereby improving overall
perform them more and more effectively" [7]. performance and quality [12].
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Muda is a traditional Japanese term for anlead times, consumes productive floor space, delays
activity that is wasteful and doesn't add valuesor the identification of problems, and inhibits
unproductive,_etymologicallynone +_triviaor un-  communication. By achieving a seamless flow
useful in practice or others. It is also a key @pic between work centers, many manufacturers have
in the Toyota Production Syste(@PS) and is one been able to improve customer service and slash
of the three types of waste (muda, murari) that  inventories and their associated costs [12].
it identifies. Waste reduction is an effective way
increase profitability. A process consumes resaurce
and waste occurs when more resources ar
consumed than are necessary to produce the goo
or provide the service that the customer actually, ) :
wants. The attitudes and tools of the TPS heighte O the producer, worker or equipment. This has

awareness and give whole new perspectives Oﬁlgmflcance to_damage, ae and safety. It_also
identifying waste and therefore the unexpmited!ncludes the fixed assets and expenses incurred

opportunities associated with reducing waste [10]. " the production [10]. _ .
Seven deadly wastes were identified as part of ~ This waste is related to ergonomics and is seen
the Toyota production System by Taiichi Ohno. Thein all instances of bending, stretching, walking,

» 3 Motion
People or equipment moving or walking more
ﬁgan is required to perform the processing.
As compared to Transportation, Motion refers

usual classification of the types of waste is: liting, and reaching. These are also health and
safety issues, which in today’s litigious societg a

* 1 Transport becoming more of a problem for organizations. Jobs

Moving products that are not actually requiredwith excessive motion should be analyzed and

to perform the processing. redesigned for improvement with the involvement

Each time a product is moved it stands the riskof plant personnel [12].
of being damaged, lost, delayed, etc. as well as .
being a cost for no added value. Transportatiors doe .'.4 Waiting .
not make any transformation to the product that the Waiting for the next processing step. .
Whenever goods are not in transport or being

consumer is supposed to pay for [10]. d th itina. In traditional
Transporting product between processes is grocessed, hey are waiting. In tra "9”6.1 Proesss
a large part of an individual product's life is spe

cost incursion which adds no value to the product, aiting to be worked on 110
Excessive movement and handling cause damag\g iing W [10]. , .
Whenever goods are not moving or being

and are an opportunity for quality to deteriorate. L .
Material handlers must be used to transport thé)rocessed, the waste of waiting oceurs. Ty_plcally
ore than 99% of a product's life in traditional

materials, resulting in another organizational cos tch-and fact il b ¢ waiti
that adds no customer value. Transportation can b atch-and-queue manutacture will bé spent waiting

difficult to reduce due to the perceived costs oft® be processed. Much of a product's lead time is

moving equipment and processes closer togethe];'.ed up in waiting for @he next operation; th's.'s
Furthermore, it is often hard to determine Whichusually because material flow is poor, production

processes should be next to each other. Mappin@uns are 100 long, and distances between work

- - - - ters are too great. GoldrattThéory of
roduct flows can make this easier to visualizg.[12 ¢E" . :
P a4 Constraint} has stated many times that one hour

« 2 Inventory lost in a bottleneck process is one hour lost ® th
All components, work in progress and finished entire factory’s output, which can never be
products that are not being processed. recovered. Linking processes together so that one

Inventory, be it in the form of raw materials, feeds directly into the next can dramatically rexluc
work-in-progress  (WIP), or finished goods, Waiting [12].
represents a capital outlay that has not yet pediuc
an income either by the producer or for the
consumer. Any of these three items not being
actively processed to add value is waste [10].

Work in Progress (WIP) is a direct result of
overproductionrandwaiting. Excess inventory tends
to hide problems on the plant floor, which must be
identified and resolved in order to improve
operating performance. Excess inventory increas

» 5 Overproduction

Production ahead of demand.

Overproduction occurs when more products is

produced than is required at that time by your

customers. One common practice that leads to this
muda is the production of large batches, as often
consumer needs change over the long times large
batches require. Overproduction is considered the
&Rorst muda because it hides and/or generateseall th
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others. Overproduction leads to excess inventoryinclude quarantining inventory, re-inspecting,
which then requires the expenditure of resources orescheduling, and capacity loss. In many
storage space and preservation, activities thatotlo organizations the total cost of defects is often a
benefit the customer [10]. significant percentage of total manufacturing cost.
Simply put, overproduction is to manufacture Through employee involvement and Continuous
an item before it is actually required. Improvement Process (CIP), there is a huge
Overproduction is highly costly to a manufacturing opportunity to reduce defects at many facilitie2][1
plant because it prohibits the smooth flow of

materials and actually degrades quality and The waste of human talent is added at a later

productivity. The Toyota Production System is alsos,[a e to the original 7 wastes. It is basicall
referred to as “Just in Time” (JIT) because every 9 9 ' y

tem is mace jus a5 1 s needed. OverproductofSSCTCE%, e e o fo preduce oooce o
manufacturing is referred to as “Just in Case.’sThi 9

creates excessive lead times, results in high ggora speC|f|tc;;1_t|ons do not meet the customers
costs, and makes it difficult to detect defectse Th expectations.

simple solution to overproduction is turning ofeth imgéggglzjgogﬁ q i?grl]oy mtgfge;tggt f]:;)rr etthtehI:e
tap; this requires a lot of courage because the 9 9 9 y

problems that overproduction is hiding will be come to work everyday with a free brain. It is only

revealed. The concept is to schedule and producg’ TB% SEN3, o0, BTRPEES BN s
only what can be immediately sold/shipped and®'¥

) . - and continuously improve their performance [10].
improve machine changeover/set-up capability [12]. A summaryy ang brief despcription of a[ll t]he

* 6 Over Processing wastes from LEAN point of view may be seen in
Result of poor tool or product design creatingthe figure below:
activity. Over-processing occurs any time more

work is done on a piece than what is required Iy th e “man

« Other “hidden wastes”

customer. This also includes using tools that are
more precise, complex, or expensive than absolutely g
required [10]. o

Often termed as “using a sledgehammer to a
crack a nut,” many organizations use expensive
high precision equipment where simpler tools

Yoy
would be sufficient. This often results in poormila g

CORRECTION
Repair or

Amy nonwvork time
waiting for

Information, supplies
or equipment

motion in picking
up or placing, ako
wasied walking

PROCESSING

Doing more work than
is necessary

OVERPRODUCTION o

Producing more

than is needed
beore it & needed
CONVEYANCE
Wasted effort to tansport

any materiak or equipment
into or out of storage
or belwesn processes

layout because preceding or subsequent operations
are located far apart. In addition they encourage
high asset utilization (over-production with minima
changeovers) in order to recover the high cost of
this equipment. Toyota is famous for their use of
low-cost automation, combined with immaculately
maintained, often older machines. Investing in
smaller, more flexible equipment where possible; Figure 2. LEAN wastes summary [15]
creating manufacturing cells; and combining steps

will greatly reduce the waste of inappropriate 2.4. Components of the LEAN System
processing [12].

INVENTORY

Maintaining excess
inventory throughout
All processes

» Technical System

« 7 Defects The technical system includes all the processes,
The effort involved in inspecting for and fixing tools, equipment and all the other physical thiimgs
defects. the company, needed to create the value for the

Whenever defects occur, extra costs arecustomer.
incurred reworking the part, rescheduling

production, etc. [10], » Management Infrastructure

Having a direct impact to the bottom line In the management infrastructure are included
9 P ' the formal structures, the processes and the sgstem

quality defects resulting n re.W‘“k or scrap are g, controlling of the resources in relation to the
tremendous cost to organizations. Associated Costs, hnical system
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» Mindset and Behaviour Sustainable success requires every single
Here are included the employees’ thoughts and  element
feelings as well as individual and group behaviour
at the workplace.

“Strang mativation, but
not sufficinlly effective®

The elements only guarantee sustainable success for
the LEAN system when combined with one another

! "Mool a sufficient
Incheation of direction”™

Technical System

"Processes, tools and equipment
etc, for creation of value”

l:‘l *Giood in thaony, et
1 ral mech succeEss in

Management Infrastructure

- implemeniaton”
75 Wi
15@ *Sustainable Improvemen!®
"Formal structures, processes and
systems for control of resources in

relation to the technical system” Mindset Figure 4. Success of LEAN depends on having all the

& three components in place [9]
Capabilities

Mindset & Capabilities
"Employees' thoughts and feelings as

After management has committed to
e ooty 1 roup behavior implementing lean, the next step in forming a
foundation for lean is communicating this
Figure 3. Three components of the LEAN system [9] commitment to the entire organization. This often
missing but critical step conveys the importance of
For any LEAN Initiative it is crucial to act to the program to the employees. Company
all the three components of the LEAN system. If thenewsletters, e-mail, the intranet, and any othehsu
LEAN Team fails to take actions in one of the threetools should be used, but the most important means
components, the success of the overall project i8f communication is having a company executive
questioned and seriously endangered. We couldirectly address the employees. The executive
create the perfect technical system with all theshould explain what lean is, why the company is
equipment there at the right time, together with th going to implement it, and what the next steps will
perfect means to control that but when we do nope.
have the buy-in from the employees that are going  After the employees have been informed that
to live with the new processes dalily, there is athis program is real and that the company is
serious chance to fail the whole project. If thecommitted, the organization should begin scouting
people do not accept the changes and resist the negr team leaders. These are often the people that
way of work it would be really hard to implement voluntarily seek to get involved in the prograne th
the transformed processes. team leaders will help to train the rest of the
The figure 4 below shows the possible result iforganization. The organization should then find a
one of the components is missing or not fully change agent, often an external (or in some cases
implemented. It is crucial to focus on all the #re internal) consultant that can “train the traineasit

components in order to have a system that functiongork collaboratively with management to move the
properly and is taking advantage of the LEAN program forward.

optimization. After taking these steps, an organization has an
_ increased likelihood of initial and sustained sissce
2.5. LEAN Implementation as a lean enterprise. Lean is not something that an

First of all, executive management must beindustrial or manufacturing engineering group does
committed to lean. If lean is a “grass roots” dffdr  to an organization; it is a cultural change. The
will have limited success. This is because leanmportance of developing a foundation for this
involves so much of the organization. It involves cultural change is critical to the success of any
procurement, ~manufacturing, quality,  sales,organization that begins a lean journey [11].
marketing, and human resources. Each of these |t is important to create a lean culture and not
organizations will need to participate in the only lean processes. A few improvements make a
transformation. Therefore, the executives must wangig difference; employees are excited about
it. They must believe that it will improve their injtiating change in the company. People are more a
bottom line. If they don't, it will fail. part of the team, and they are more involved in

334



RECENT, Vol. 13, no. 3(36), November, 2012

making suggestions and decisions. People areffull 3.1. Diagnosis
great ideas and will see the benefits of It is always recommended to perform a general
improvement, not only for the company but also fordiagnosis of the current state of the company which
them. Manufacturing companies experiencingis going to be a subject to LEAN initiatives. Wreen
turnover problems shouldn't hesitate to dodiagnosis is performed in a company it should be
something about them. Turnover is costly, and iffocused on the three components of the system —
you can keep your employees at work and keepechnical system, management infrastructure and
them happy, it is a big plus. Companies will mindset and behaviour. Having in mind the
experience a decrease in turnover expenses in specifics of the business of aircraft maintenance
short period of time. mentioned before (project related and defect
LEAN may be implemented by specific small specific), it is obvious that not all standard LEAN
improvements or as a big project touching manytools are applicable. No matter that there are more
areas of the company at the same time (usuallthan enough tools that may be used in order to
referred as “Transformation Project”). Usually aobtain clear picture of the state from which the
combined approach is used — first perform severalEAN initiatives start. This clear picture is natlg
small “just do it” activities are performed in orde  important for setting the target state that shdadd
prepare for a bigger initiative. This way the LEAN reached after the changes are implemented, but also
culture is developed step by step and trust iglbnil  is used as a basis to measure the success ofithe ne
the stakeholders’ minds to the LEAN philosophy designed processes.
and approach. As soon as the employees understand A list of examples for LEAN tools that may be
the principles, see them working in action in theused for diagnosing the technical system of an
daily business, they start to think by themselfes iAircraft Maintenance, Repair and overhaul facility
there are ways to improve their own environment. is given below:
* Five times Why — this method aims on finding
3. LEAN in aircraft maintenance, repair and  the root cause of a problem it is really simpleise
overhaul business and consists of just asking 5 times “Why”. The
Maintenance, repair, and overhaul involvesmethod helps to identify the reasons that are
fixing any sort of mechanical, plumbing or important and are really causing the problems seen
electrical device should it become out of order oron the surface. Usually an interview is used for
broken (known as repair, unscheduled or casualt@pplying this method.
maintenance). It also includes performing routine < Pareto diagram — this method visualizes the
actions which keep the device in working orderrelative significance of the problems, causes or
(known as scheduled maintenance) or preveneffects. A structured view of the problems
trouble from arising (preventive maintenance).according to their importance is resulting fromsthi
MRO may be defined as, "All actions which have analysis. It helps the LEAN practitioners to idénti
the objective of retaining or restoring an itemoin  the problem with biggest impact and decide on
to a state in which it can perform its requiredwhich cause they have biggest chance to influence.
function. The actions include the combination &f al When the first problem to act on is identified @sin
technical and corresponding administrative,this method the efforts are directed to the problem
managerial, and supervision actions" [13]. that would have the biggest influence and would
The standard LEAN approach may be appliedhave significant improvement potential.
in the aircraft Maintenance, Repair and Overhaul e Scatter diagram — this method makes it possible
business environment. The company firs shouldo identify relations between the two variables
have processes in place and routine to some extendnder examination. It can also help to identify the
On the other hand it is not recommended thes@ature of the link between the variables. Some
processes to be a habit for years and to be alreadsends may also be identified using a scatter
traditions. If this is a fact a lot of small intiees  diagram like if we have the same value of one
are going to be necessary in order to changeariable each time we have another one in the other
employees’ mindset and behaviour and to get theivariable.
“buy in” and to convince them that LEAN is e |shikawa diagram or Fishbone diagram - it is
actually developed for them to improve their ownalso known as cause-effect diagram. The aim of this
working places. tool is to identify possible causes of problems. It
visualizes the different groups of problems andrthe
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sub-categories. The usual division of the facters i The wusual first step to popularize LEAN
Machines; Human; Method and Material. It is a toolphilosophy is performing 5S. This is a simple and
suitable to use for classifying the ideas coming oueasy to implement method which rapidly affects the
from a brainstorming and identifying which working environment and appearance and makes
problems may be directly influenced by the projectthe working day easier and smoother. The 5S
team. abbreviation stands for Sort, Stabilize, Shine,
» SIPOC diagram — the abbreviation means théStandardize and Sustain. The aim of this method is
most important components of the system:to make the working environment tidy and ordered.
Suppliers Inputs Processes Outputs Customers — bihis optimizes in a lot of directions like minimmgj
these methods a comprehensive representation tifne for searching a tool for example — when
the overall process is achieved. The project teanfollowing the 5S principles every tool or material
may concentrate on one specific part of the procesBas its place and is always there when not in use.
where the biggest influence and improvement of thel his makes it easy to find what is needed in atshor
process is expected. period of time. The 5S looks also in the frequency

« Histogram — this method provides an at-a-Of usage and puts the frequently used things in
glance view of the location, variation and immediate distance and the not so frequently used

distribution of the measured value. ones somewhere nearby. This makes the working
« Check sheet — used as a tool to help coIIectin@'ace clean from things not needed so often ared set
the required data during the diagnosis phase. space free for things needed in everyday job. The

« Shift observation is often used to identify 95 also gives clear identification of different ase

wastes in production areas. It is a simple mettfod o/n the facility — working areas, paths, storageaare
observing and recording what does an employee d8nd S0 on. The 5S toolbox includes clear ways for
during a normal working day defining all those areas — it makes it easier ienbr

« GEE (General Equipment Effectiveness) =€ven when the employee has to go in a new area,
value creation / total time different from the one he/she usually works in. The

- OEE (Overall Equipment Effectiveness) — whole concept facilitates the flexibility of the
value created / planned time people — they can be easily moved from one

. Spaghetti analysis — it may be used forworking place to another and the time for adaptatio

identification of the walking routes taken by the is minimal because the tools, eqUipmem’ materials
employees during work and areas are marked the same way in the whole

. Value stream analysis — it focuses on thefa(:lllty and it comes natural to find things afterce

o used to the marking system. If 5S is used for
process taking into account th.G. stoc_:k levels, th(?narking the right places of tools it makes it elaie
routes, the' turnaround and waiting times and th%heck the toolboxes at the end of the working day
value Cfea“F’” share in th.e company. . and identify if something is missing.

* Swammtgr]] 'a”?;] IhV'SdL.Jfafll reptreslentfcltlfin of the Another relatively easy to implement and with
proc%s]s oge fer Wi idi € t;ferl(?nt _rotes 'T]' ' h visible results tool is the Kanban system. It isdus

: € aim ot providing this fiSt IS 10 SNOW NOW 4 get stores in order and to reduce stocks. Kanban
big variety of tools may be applied t0 a Specific o ng card and board in Japanese. The meaning for
industrial area which is quite different to the onehq production is simply a small card which is
from which these tools and principles originate. attached to parts boxes and regulates the puisyst
3.2 1mol : by indicating the production and delivery status fo

' .Amp ementat;ﬁn full pict f1h t stat upstream process steps or warehouses. The Kanban

f th S soor_1f_as € full pic url')eic_) de(;:ur_re_n saesystem creates stand-alone control circuits for
of the Specific company IS obtained, decision maysupplying materials and parts that are decoupled
be taken if some small activities are to be takea o from complex control processes. These systems
major Transformation project is needed. ThiS oy 00 stocks in store and by this reduce cajpdtal t

decision depends to a great extent of the maturit)(jp. The one disadvantage is that they increase
level of the personnel and also from the scaldef t transport costs

desired effect. Usually it is necessary to begithwi There are four simple rules to follow when
small pieces with visible effect to the direct wioik creating a Kanban system:

environment to the 'emplc')ye_:es in order to obtain", the quantity of requested materials corresponds
thelr trust_and to gain their involvement for fleur 4y 5ctual demand — only materials with associated
bigger actions. Kanban may be in circulation;
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« the recipient must not place any early material3.3. Continuous improvement

requests — this means that buffer stocks are hpild This understanding of a standard immediately
which would destroy the production flow becauseand naturally is followed by setting up a continsiou
all the capacities are matched to one another; improvement process. A continuous improvement

« the source must not produce any more than ignindset is essential to reach a company's goats. Th
requested otherwise this would also lead to excesi&rm "continuous improvement” means incremental
production capacity; improvement of products, processes, or services

« the delivered parts must be of perfect quality —Over time, with the goal of reducing waste to
poor quality leads to production delays atimprove workplace functionality, customer service,
downstream due to the minimum stocks in store. ~ Or product performance.

The visualization is an important part of the  Continuous Improvement breaks down into
Kanban system, in order to indicate and to be easifiree basic principles:
to spot if transportation or production of parts is
necessary.

The supermarket principle for delivery of parts

* Challenge Having a long term vision of the
challenges one needs to face to realize one's
. ; X ambition (what we need to learn rather than what
is an interpretation of the Kanban methods. It,,o \wantto do and then having the spirit to fa th
consists of regular round throughout thechallenge). To do so, we have to challenge
Workst_ations, col.lecting the empty containers and, rselves every day to see if we are achieving our
replacing them with full goals. A quote representing this principle“We

_ When there some results visible in thefyy 5 |ong-term vision, meeting challenges with
immediate working environment of the people it is courage and creativity to realize our dreams.”

important to set standards. Applying standards is
also coming from the aim of reducing and * Kaizen: Good enough never is, no process can
eliminating the time for searching and trying if ever be thought perfect, so operations must be
something could be used at some place or noimproved continuously, striving for innovation and
Setting standards ensures the quality of the outpivolution. This is explained in the motttWe
desired, makes the cooperation easier and makes tifgprove our business operations continuously,
process steps that are carried out clear and easy &lways driving for innovation and evolution.”
understand. It is important that the standardized , sonchi Genbutsu Going to the source to see
work flows are documented and communicated Qe facts for oneself and make the right decisions,

all employees. T_he standard is not permanent, i reate consensus, and make sure goals are attained
should strike for improvement. Whenever a better,

way is found to do some task it should be ensuregf the best possible speed. Here the guidEasto

. i e source to find the facts to make correct
by putting a new standard that the new way is use ecisions”[3]

[91 Continuous improvement should happen in
small increments, at all levels in the organization
. and across all processes in the value stream...
(. 3 | forever onwards in the pursuit of perfection!
o . The instant and positive feedback for
- . T - employees making improvements is a key feature of
T lean work and a powerful element to continuous
| improvement. It is important to appreciate thewati
participation in the continuous improvement

i'i:igure 5. Visualization of standard [9] process and to publish the success achieved by it
throughout the whole company. This helps a lot in

The standards are the basis for comparisostimulating the employees to keep searching the
before / after. Without standards it can not beareas with room for improvement, they have the
measured what has changed or what has improve@wnership of their own working processes and feel
The standard is the “brake chock” that preventghat they have impact on how things are done in the
from going back to the old status of the process. Icompany. The other important success factor of

also is needed because it identifies the best,legnp continuous improvement is that it should be plant-
and safest way of doing a task known to thewide. Everyone should be aware of how to submit
company at current moment. ideas for improvement and how to seek for them,
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what are the wastes that should be eliminated anthe operating standards are and how is the

what are the tools for their reduction. performance of an area aligning to them. This
Everyone has a role to play, from the approach facilitates the identification of hidden
boardroom to the shop floor: waste — it is easy to assume that there is songethin

« To achieve continuous improvement it is wrong if one area for example is never able to meet
necessary that the culture of the organization mudghe target for performance.
change to embody the philosophy of Kaizen, driven ~ The second step is to create visual means of
from the boardroom down and right back up againcommunication. The usual case when changes are
Only then can management allocate the resourcesjade to a process is that there are some minor
establish strategies, systems, procedures angroblems arising. It is the human nature to choose
organizational structures necessary for the tobls othe path involving the smallest amount of effolts.
Kaizen to work. there is no clear system to communicate and smooth

+ Middle managers are responsible forthese minor problems the employees just step back
implementing  Kaizen. They must monitor to the way it was before and just use the old
performance of the continuous improvementprocess. A way to eliminate that is providing the
program, and ensure that employees are educated pgople with a tool for communicating such items
the use of the necessary tools. and their own ideas of how things should be.

« Supervisors are responsible for applyingEveryone should know how to proceed if he/she

Kaizen. They must maintain the rate of incrementaSPOts a problem —who to contact, what to say, etc.
by encouraging suggestions, coaching operative, The third and probably the most important
and improving communications. component of forming a sustainable system is to
« Operatives must make suggestions, learn ne\g'€ate a “no blame” working environment. It is
jobs, use the tools, and generally participate ifmportant that the employees feel that the point is
continuous improvement activities individually and Not in searching for the guilty person but in
in teams without fear [14]. identifying the problem in the system. The attitude
Without active attention, the gains made throughshould be that the errors occur only because the
improvements in flow and process will deteriorateSystem lets them occur. The finger pointing should
overtime, as customer needs and expectation@€ understood as being of no help to anyone and the
change, resulting new wastes will appear. So Kaizefauses for the errors should be found. Only by this
involves building on past gains by continuing We can ensure that the employees use the two other
experimentation and innovation every single day. ~ components described above. Even if have the
perfect visual standards and means for
3.4. Sustainability communication if the personnel is not willing to
It is often falsely understood that the Share problems and ideas these tools are of no help

improvements once made should stay the sam@nd meaning. When the mindset is developed and
forever. This contra verses the lean principle ofthe people focus on the root causes for the prablem
continuously strive to be better and to reduce and @n open manner it is a lot easier to find sohuti
reduce waste during operation. There are sever&@nd & better way of dealing with the issues arisen
ways to sustain the changes made and to stimulatf€ daily business.

the improvement thinking of the employees in orde

r , .
to facilitate the new ideas for improvement. 3.4. Transformation project

In the best case scenario all the four steps

The first thing to do in order to create a .
sustainable environment is to set visual standardéj!escr'bed beforg are a]ready made and thg LEAN
ulture and thinking in place before taking a

They should represent the KPIs (Key I:’erformance?rransformation initiative. A visualization of the

Indicators) of the whole company, customized todes'red effect of the transformation broiect iseai
each level. Different visual methods and detaielev r : 'on project 1seqv
on Figure 5 it may be seen that the desired ei$ect

are used for the different hierarchical levels et ianifi t and ds 1o b hi di lativel
idea should be common for all of them. It is Sgnifcant and n€eds to be achieved in a re ative
short period of time.

important that all the KPIs are understandabley eas The standard approach with having six phases

to update and their format is helping to identifyworks good enough for the Aircraft maintenance

trends. When visual standards for the KPIs ar : The adiust ts should b ¢ d
implemented the lean team may be certain that a usiness. The adjusiments shouid be performed on
e specific tools used and are not needed for the

the employees have the chance to understand wh .
phases of the project.
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The transformation leads to a leap in efficiency picture of the current state of application of LEAN
principles, because they are continuously improving
and further developing. This is not a surprise
because these principles are practiced by people
with the typical LEAN thinking that “There is
always room for improvement!”. The LEAN motto
is valid not only for the companies in which we
implement LEAN but also for the philosophy itself.
This viewpoint provides us with the understanding
that the area is not going to reach a certain pafint
p— T rtos | Hime development which is going to be statically fixed
S P i improvement and just applied to the companies in the futurea Th
continuously developing approaches are going to
continue adjusting to the economical environment

On Figure 6 may be seen the transformatior?"d are going to be refined and improved.

project divided into the regular six phases:
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